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(54) A process for producing aluminate-based phosphor 

(57) The present invention provides a method for 
producing an aluminate-based phosphor or a lumines- 
cent aluminate-based phosphor, which comprises cal- 
cining an aluminum compound having a BET specific 
surface area of 1 00 m^/g or more. 
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Description 

[0001] The present relates to a method for produc- 
ing an aluminate-based phosphor. More particularly, the 
present invention relates to a method for producing an 
aluminate-based phosphor having extremely uniform 
cation composition, used for various displays of emitting 
type such as a plasma display panel (PDP). 
[0002] Further, the present invention relates to a 
method for producing a luminescent aluminate-based 
phosphor. More particularly the present invention 
relates to a method for producing a luminescent alumi- 
nate-based phosphor used for a luminous material 
which is excited by ultraviolet and visible lights to show 
afterglow property for a long period of time. 
[0003] Recently there are investigations of an alu- 
minate-based phosphor which is excited by a vacuum 
ultraviolet ray radiated by rare gas discharge, to emit 
lights. For example, there are known BaMgAlioOi7:Eu 
and BaMgAI.|4023:Eu as a blue light emitting phosphor, 
and BaAligO^giMn and BaMgAI.|4023:Mn as a green 
light emitting phosphor. 

[0004] For example, a blue phosphor 
(BaMgAlioOiyiEu or BaMgAli4023:Eu) can be pro- 
duced by preparing a mixture of 1) a barium compound, 
2) an europium compound, 3) a magnesium compound 
and 4) an aluminum compound as raw materials and 
calcining, in a weal< reductive atmosphere, the mixture 
as a precursor. 

[0005] In this method, however, solid compounds of 
respective constituent ions are used as raw materials 
and mixing thereof is conducted by physical mixing such 
as ball milling. 

[0006] The precursor obtained by physical mixing 
such as ball milling reveals poor dispersion of constitu- 
ent ions, e.g. barium, europium, magnesium and alumi- 
num ions and a blue phosphor after calcination does not 
easily obtain uniform composition. When dispersion of 
the constituent ions is poor, particularly when dispersion 
of europium ions acting as light emitting center is poor, 
portions of higher concentration of europium emerge 
locally, causing reduction in emitting brilliance which is 
called concentration quench. 

[0007] Consequently for obtaining a phosphor hav- 
ing excellent emitting efficiency it has been desired to 
obtain a phosphor precursor in which dispersion of con- 
stituent ions is more excellent and to produce a phos- 
phor having a uniform composition from said precursor. 
[0008] On the other hand, there are conventionally 
used, as a luminescent phosphor, self emitting noctur- 
nally luminous paints obtained by adding a radioative 
substance to a phosphor, for a night display or a noctur- 
nal clocl<. Recently there are wide investigations on 
application of a luminescent phosphor containing no 
radioative substance which shows afterglow property 
for a long period of time. As the luminescent phosphor, 
for example, europium-activated strontium aluminate 
(SrAl204:Eu) is mainly investigated. 



[0009] It is well known that the property of a phos- 
phor is influenced by dispersibility of constituent ions of 
the phosphor, and the light emitting efficiency becomes 
higher when dispersibility of constituent ions of the 

5 phosphor is more excellent, particularly, when dispersi- 
bility of an activating agent and co-activating agent is 
more excellent. It is said that also in a luminescent 
phosphor, afterglow brilliance becomes higher when 
dispersibility of constituent ions is more excellent. 

10 [0010] Further, it is well known that the light emitting 
property of a phosphor is significantly influenced by 
trace impurities. Therefore, for obtaining aluminate 
which is substrate of a luminescent aluminate-based 
phosphor, there are used as the main raw material, a 

15 high purity aluminum compound powder such as highly 
purified a-alumina or high purity T^alumina and high 
purity aluminum hydroxide. 

[0011] As the aluminum compound, there is often 
used alumina such as a-alumina ory-alumina and it is 

20 known that, if alumina is used, high temperature calci- 
nation at 1600°C or more is required for obtaining a 
luminescent aluminate-based phosphor in single-phase 
in which dispersion of constituent ions Is excellent. In 
this case, members of apparatuses such as a calcina- 

25 tion furnace required are limited to expensive materials. 
[0012] Therefore, for obtaining a luminescent alumi- 
nate-based phosphor having excellent light emitting effi- 
ciency and afterglow brilliance, it has been desired to 
produce a luminescent aluminate-based phosphor in 

30 which dispersion of constituent ions is more excellent. 
[0013] An object of the present invention is to pro- 
vide a method which can easily produce an aluminate- 
based phosphor which has excellent light emitting effi- 
ciency and in which dispersion of constituent ions is 

35 excellent. 

[0014] Another object of the present invention is to 
provide a method which can easily produce a lumines- 
cent aluminate-based phosphor which has excellent 
light emitting efficiency and higher afterglow brilliance 

40 and in which dispersion of constituent ions is excellent. 
[0015] These objects could be achieved on the 
basis of the finding that an aluminate-based phosphor 
and a luminescent aluminate-based phosphor in which 
dispersion of constituent ions is extremely excellent can 

45 be produced easily when a specific aluminum com- 
pound is used as a raw material. 
[0016] Namely, the present invention provides a 
method for producing an aluminate-based phosphor 
comprising calcining an aluminum compound having a 

50 BET specific surface area of 1 CO m^/g or more. 

[0017] The present invention also provides a 
method for producing an aluminate-based phosphor 
comprising the steps of; 

55 mixing an aluminum compound with an organic 
acid using an organic solvent to obtain a slurry, 
mixing the slun-y with an aqueous solution of at 
least one cation selected from Ba, Mg, Eu, Mn, Sr, 
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Ca, Tb, Ce and Zn to obtain aluminum liydroxide, 
precipitating the cation in tlie form of an organic 
acid salt around the aluminum hydroxide to obtain a 
precursor, 

separating and drying the precursor, and 
calcining the precursor at a temperature of from 
1 000°C or more to 1 700°C or less. 

[0018] The present invention further provides a 
method for producing a luminescent aluminate-based 
phosphor comprising calcining an aluminum compound 
having a BET specific surface area of 1 00 m^/g or more. 
[0019] The present invention further provides a 
method for producing a luminescent aluminate-based 
phosphor comprising the steps of; 

mixing an aluminum compound with an organic 
acid using an organic solvent to obtain a slurry, 
mixing the slurry with an aqueous solution of at 
least one cation selected Eu, Dy, Nd, Sr, Ca, Pb, Zn 
and Bi to obtain aluminum hydroxide, 
precipitating the cation In the form of an organic 
acid salt around the aluminum hydroxide to obtain a 
precursor, 

separating and drying the precursor, and 
calcining the precursor at a temperature of from 
1 000°C or more to 1 700°C or less. 

[0020] In the present invention the aluminum com- 
pound used for obtaining a precursor of an aluminate- 
based phosphor is not particularly restricted provided it 
is a solid material containing aluminum, and examples 
thereof include aluminum hydroxide, aluminum oxide 
and aluminum sulfate. 

[0021] As the calcination raw material used for 
obtaining an aluminate-based phosphor, there is used 
an aluminum compound having a BET specific surface 
area of 1 00 m^/g or more, and aluminum hydroxide or 
aluminum oxide having a BET specific surface area of 
100 m^/g or more is preferable, aluminum hydroxide 
having a BET specific surface area of 100 m^/g or more 
Is more preferable, aluminum hydroxide having a BET 
specific surface area of 1 80 m^/g or more Is further pref- 
erable and aluminum hydroxide having a BET specific 
surface area of 200 to 300 m^/g is particularly prefera- 
ble. 

[0022] When the BET specific surface area of the 
aluminum compound is less than 100 m^/g, mixing with 
other compound Is difficult, and an aluminate-based 
phosphor in which dispersion of constituent ions is 

excellent is not easily obtained. Further, any aluminum 
compound may be used provided the BET specific sur- 
face area of aluminum hydroxide is not less than 100 
m^/g, and it Is preferable to use aluminum hydroxide, 
and for example, aluminum hydroxide obtained by 
hydrolysis of an aluminum alkoxide is more preferable 
since a BET specific surface area of 100 m^/g or more 
is easily attainable and flocculation of primary particles 



is weak. 

[0023] As the aluminum hydroxide, aluminum 
hydroxide which Is heat-treated to provide a-alumina 
having an alumina purity of 99.9 wt% or more Is prefer- 

5 able since it enhances fluorescent properties such as 
brilliance, and aluminum hydroxide which is heated to 
provide a-alumina having an alumina purity of 99.9 wt% 
or more, obtained by hydrolysis of an aluminum alkoxide 
is used more preferably. 

10 [0024] As the powdery compound of Ba, Mg, Eu, 
Mn, Sr, Ca, Ce and Tb constituting an aluminate, there 
can be used an oxide, or a compound which Is decom- 
posed at higher temperature to become an oxide, such 
as a hydroxide, carbonate, nitrate, halide or oxalate. 

IS [0025] The organic solvent used In mixing an alumi- 
num compound and an organic acid to give a slurry In 
the present invention may be any organic solvent pro- 
vided it can disperse the aluminum compound, and 
examples thereof Include alcohols such as methanol, 

20 ethanol, isopropanol, propanol and butanol chloroform 
and kerosene. Alcohols with which an aluminum com- 
pound is dispersed easily are preferable. 
[0026] As the organic acid, an organic acid having a 
— COOH group is preferable, and there are exemplified 

25 oxalic acid, formic acid, acetic acid and tartaric acid. 
Particularly when oxalic acid is used, it easily reacts 
with a cation of Ba, Mg, Eu, Mn, Sr, Ca, Tb, Ce and Zn, 
and the cation of Ba, Mg, Eu, Mn, Sr, Ca, Tb, Ce and Zn 
tends to deposit as a oxalate around an aluminum com- 

30 pound, therefore, use of oxalic acid Is preferable. The 
amount of an organic acid used is preferably one-fold or 
more, more preferably 3-fold or more of the stoichiomet- 
ric amount necessary for deposition of a cation other 
than aluminum in the form of an organic acid salt. 

35 [0027] As the cation aqueous solution used, e.g. an 
aqueous solution of a chloride of a cation or an aqueous 
solution of a nitrate of a cation are listed. As the constit- 
uent cation. Ions of Ba, Mg and Eu may advantageously 
be used when a blue phosphor (BaMgAliQ0.|7:Eu, 

40 BaMgAli4023:Eu and the like) is produced, and ions of 
Ba, Mg and Mn may advantageously be used when a 
green phosphor (BaAli20i9:Mn or BaMgAli4023:Mn) Is 
produced, for example. 

[0028] The mixing method may be any method, and 
45 for example, a mixing method by stirring is preferable 
since control thereof is easy and cost is low. 
[0029] The aluminum compound around which at 
least one cation selected from Ba, Mg, Eu, Mn, Sr, Ca, 
Tb, Ce and Zn has been deposited is usually separated 
50 by solid-liquid separation to give a precursor of an alu- 
minate-based phosphor. The solid-liquid separation 
method in this procedure may be any method, and there 
are listed, for example, a method In which filtration and 
drying are conducted, a method in which granulation is 
55 conducted by spray dry and a method in which solid-liq- 
uid separation is conducted by evaporation. 
[0030] When the aluminate-based phosphor is a 
compound prepared by adding an activating agent 
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which is at least one metal element selected from Eu 
and Mn to composite oxide substrate represented by 
the general formula x1M10'y1Mgo-z1Al2O3 (Ml is at 
least one metal element selected from Ba, Sr and Ca), 
it Is preferable that mixing is effected so that x1 is 0.5 to 
4.5, y1 Is 0 to 4, and z1 is 0.5 to 20. 
[0031] For example, when the aluminate-based 
phosphor is a compound prepared by adding an activat- 
ing agent which is at least one metal element selected 
from Eu and Mn to a composite oxide substrate repre- 
sented by the general formula x1 1 (Ba, Sr)0 • y1 1 MgO 
• ZIIAI2O3, it is preferable that x11 is in the range of 
0.9 to 1.7, y11 is in the range of 1.5 to 2.1, andzll is 8. 
[0032] For example, when the aluminate-based 
phosphor is a compound prepared by adding an activat- 
ing agent which is at least one metal element selected 
from Eu and Mn to a composite oxide substrate repre- 
sented by the general formula x12(Ba, Sr)0 • 
ZI2AI2O3, it is preferable that x12 is in the range of 1 .0 
to 1.5, and z12 is 6. 

[0033] For example, when the aluminate-based 
phosphor is a compound prepared by adding an activat- 
ing agent which is at least one metal element selected 
from Eu and Mn to a composite oxide substrate repre- 
sented by the general formula x13SrO • ZI3AI2O3, it is 
preferable thatxIS is in the range of 3.9 to 4.1, and z13 
is 7. 

[0034] When the aluminate-based phosphor is a 
compound prepared by adding an activating agent 
which is at least one metal element selected from Tb 
and Mn to composite oxide substrate represented by 
the general formula x2CeOi 5- y2M20'z2Al20g (M2 is 
at least one metal element selected from Mg and Mn), it 
is preferable that x2 is In the range of 0.9 to 1.1, y2 is in 
the range of 0.9 to 1.1, and z2 is 5.5. 
[0035] As the raw material of Eu and Mn which 
becomes an activating agent for causing light emission, 
there can be used an oxide, or a compound which is 
decomposed at higher temperature to become an oxide, 
such as a hydroxide, carbonate, nitrate, halide and 
oxalate. 

[0036] Regarding the addition amount, for example, 
when the aluminate-based phosphor is an aluminate- 
based phosphor prepared by adding an activating agent 
which is at least one metal element selected from Eu 
and Mn to a composite oxide substrate represented by 
the general formula x11(Ba, Sr)0 • yllMgO • 
z1 1 AI2O3, it is preferable that the addition amount of Eu 
is in the range of 0.01x11 to 0.2x11, and the addition 
amount of Mn is 0.15y1 1 or less. 
[0037] For example, when the aluminate-based 
phosphor is an aluminate-based phosphor prepared by 
adding an activating agent which is at least one metal 
element selected from Eu and Mn to a composite oxide 
substrate represented by the general formula x12(Ba, 
Sr)0 • ZI2AI2O3, it is preferable that the addition 
amount of Eu is in the range of 0.01x12 to 0.15x12, and 
the addition amount of Mn is 0.20x12 or less. 
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[0038] For example, when the aluminate-based 
phosphor is an aluminate-based phosphor prepared by 
adding an activating agent which is at least one metal 
element selected from Eu and Mn to a composite oxide 

5 substrate represented by the general formula x1 SSrO • 
ZI3AI2O3, it is preferable that the addition amount of Eu 
is in the range of 0.02x13 to 0.06x13. 
[0039] For example, when the aluminate-based 
phosphor is an aluminate-based phosphor prepared by 

10 adding an activating agent which is at least one metal 
element selected from Tb and Mn to a composite oxide 
substrate represented by the general formula x2CeOi 5 
• y2M20 • Z2AI2O3, it is preferable that the addition 
amount of Tb is in the range of 0.3x2 to 0.5x2, and the 

15 addition amount of Mn is 0.15y2 or less. 

[0040] As the mixing method of these raw materi- 
als, any method can be used, and there are exemplified 
mixings using a ball mill, V shaped mixer or stirring 
apparatus. Further, for example, a phosphor raw mate- 

20 rial in which dispersion of constituent cations is 
extremely excellent can be prepared by using a method 
in which a slurry obtained by mixing aluminum hydrox- 
ide with an organic acid using an organic solvent is 
mixed with an aqueous solution of at least one cation 

25 selected from Ba, Mg, Eu, Mn, Sr, Ca, Tb, Ce and Zn. 
[0041] Then, the method for calcining a precursor of 
an aluminate-based phosphor may be any method, and 
for example, the precursor can be filled in an alumina 
boat and calcinated at given temperature in given gas 

30 atmosphere to obtain phosphors of various colors. Fur- 
ther, if necessary, a phosphor powder having further 
excellent crystallinity and higher brilliance can be 
expected to be produced by mixing a reaction promoter 
(flux) such as boron oxide or aluminum fluoride to the 

35 above-mentioned raw materials. 

[0042] For example, when a precursor of a blue 
phosphor (BaMgAlioOi7:Eu or BaMgAli4023:Eu) is cal- 
cinated, it is preferable to calcinate the precursor in a 
reductive atmosphere, at a temperature in the range of 

40 1 000 to 1700°C for 0.5 to 40 hours, once or more. For 
providing the reductive atmosphere, a method in which 
a graphite block is placed in a boat filled with a precur- 
sor and a method in which calcination is conducted an a 
nitrogen-hydrogen atmosphere or a rare gas • hydro- 

45 gen atmosphere are listed. These atmospheres may 
contain water vapor. 

[0043] Further, when a precursor of a green phos- 
phor (BaAli20i9:Mn or BaMgAli4023:Mn) is calcinated, 
the precursor is calcinated in a surrounding atmosphere 

50 or an oxygen atmosphere, at a temperature in the range 
of 1000 to 1700°Cfor 0.5 to 40 hours, once or more. 
[0044] Additionally, the aluminate-based phosphor 
obtained after calcination may also be subjected to 
treatment such as dispersion, water-washing, drying 

55 and sieving. 

[0045] The aluminate-based phosphor obtained in 
the present invention contains particles having a pri- 
mary particle size of 5 |xm or less in an amount of 80 
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wt% or more, preferably contains particles having a pri- 
mary particle size of 0.05 nm or more and 5 urn or less 
in an amount of 80 wt% or more, the primary particle 
size being smaller than that of an aluminate-based 
phosphor obtained by a usual method. As described 5 
above, by making the primary particle size of a phos- 
phor smaller and making the particle distribution 
sharper, it becomes possible, for example, to coat the 
phosphor efficiently In minute discharge space such as 
display cells of PDP, and to produce various displays of jo 
light emission type such as PDP, manifesting higher 
emission brilliance. 

[0046] The alumlnate-based phosphor obtained by 
the present Invention has excellent light emitting prop- 
erty under vacuum ultraviolet ray excitation and Is is 
extremely useful as an aluminate-based phosphor used 
In various displays such as a plasma display panel 
(PDP) since dispersion of constituent ions in the phos- 
phor is extremely excellent. Further, It has become 
apparent that the aluminate-based phosphor obtained 20 
by the present invention shows excellent light emitting 
property not only under vacuum ultraviolet ray excitation 
but also under ultraviolet ray cathode ray or X-ray exci- 
tation. Namely, the present invention provides a method 
for producing an aluminate-based phosphor which can 25 
be excited by energies In wide ranges such as vacuum 
ultraviolet ray, ultraviolet ray, cathode ray or X-ray and 
manifests excellent light emitting property. 
[0047] More particularly, if the aluminum hydroxide 
of the present Invention is used, it can be expected that 30 
dispersed condition of constituent Ions other than alumi- 
num becomes more excellent, the crystallinity of the 
alumlnate-based phosphor obtained by the present 
Invention becomes excellent, and chromatlcity is 
enhanced, as compared with the case using other alu- 35 
minum compound. Further, when the aluminum hydrox- 
ide of the present invention is used, flocculated 
condition of the aluminate-based phosphor primary par- 
ticles obtained by the present invention becomes 
weaker as compared with the case using other alumi- 40 
num compound, and the following processes such as 
crushing can be simplified. 

[0048] According to the present Invention, an alumi- 
nate-based phosphor in which dispersion of constituent 
Ions is extremely excellent can be produced easily and 45 
an alumlnate-based phosphor manifesting excellent 
light emitting efficiency can be provided at low cost. This 
alumlnate-based phosphor is extremely useful in the 
industrial field as a phosphor used in various displays 
such as a plasma display panel (PDP). so 
[0049] Then, the method for producing a lumines- 
cent aluminate-based phosphor will be illustrated. 
[0050] As the aluminum compound used for pro- 
ducing a precursor of a luminescent alumlnate-based 
phosphor In the present Invention, the same com- 55 
pounds as described above are listed. 
[0051] As the calcinations raw materials of a lumi- 
nescent aluminate-based phosphor, the same com- 



pounds as described above are listed. 
[0052] As the powdery compound of Eu, Dy, Nd, Sr, 
Ca, Pb, Zn and Bl constituting an alumlnate, there can 
be used an oxide, or a compound which is decomposed 
at higher temperature to become an oxide, such as a 
hydroxide, carbonate, nitrate, hallde and oxalate. 
[0053] When a precursor of an aluminate-based 
phosphor Is used as a calcination raw material, the 
organic solvent used in mixing an aluminum compound 
having a BET specific surface area of 1 00 m^/g or more 
and an organic acid to give a slurry may be any organic 
solvent provided it can disperse aluminum hydroxide, 
and examples thereof include alcohols such as metha- 
nol, ethanol, isopropanol, propanol and butanol chloro- 
form and kerosene. Alcohols with which aluminum 
hydroxide is dispersed easily are preferable. 
[0054] As the organic acid, an organic acid having a 
— COOH group is preferable, and there are exemplified 
oxalic acid, formic acid, acetic acid and tartaric acid. 
Particularly when oxalic acid is used. It easily reacts 
with a cation of Eu, Dy Nd, Sr, Ca, Pb, Zn and Bl, and 
the cation of Eu, Dy Nd, Sr, Ca, Pb, Zn and Bi tends to 
deposit as a oxalate around aluminum hydroxide, there- 
fore, use of oxalic acid is preferable. The amount of an 
organic acid used Is preferably one-fold or more, more 
preferably 3-fold or more of the stoichiometric amount 
necessary for deposition of a cation other than alumi- 
num in the fbmi of an organic acid salt. 
[0055] As the cation aqueous solution used, an 
aqueous solution of a chloride of a cation and an aque- 
ous solution of a nitrate of a cation are listed. As the 
constituent cation, ions of Eu, Dy and Sr may advanta- 
geously be used when europium, dysprosium-activating 
strontium alumlnate (SrAl204:Eu, Dy) Is produced. 
[0056] The mixing method may be any method, and 
for example, a mixing method by stirring is preferable 
since control thereof is easy and cost Is low. 
[0057] In the present invention, the aluminum 
hydroxide around which at least one cation selected 
from Eu, Dy, Nd, Sr, Ca, Pb, Zn and Bi has been depos- 
ited Is usually separated by solld-llquld separation to 
give a precursor of a luminescent alumlnate-based 
phosphor. The solld-llquld separation method In this 
procedure may be any method, and there are listed, for 
example, a method In which filtration and drying are 
conducted, a method in which granulation is conducted 
by spray dry and a method in which solid-liquid separa- 
tion is conducted by evaporation. 
[0058] When the luminescent alumlnate-based 
phosphor is a compound prepared by adding Eu as an 
activating agent and further adding at least one metal 
element selected from Dy and Nd as a co-actlvating 
agent to a composite oxide substrate represented by 
the general formula x1 MO • z1 AI2O3 (M Is Sr or Ca), it Is 
preferyble that x Is in the range of 0.5 to 1 .1 , and z is 1 . 
[0059] For example, when the luminescent alumi- 
nate-based phosphor is a compound prepared by add- 
ing Eu as an activating agent and further adding Nd as 
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a co-activating agent to a connposite oxide substrate 
represented lay ttie general formula x2CaO • Z2AI2O3, 
It is preferable that x2 is in the range of 0.9 to 1 .1 , and z 
Is 2. 

[0060] As the raw material of Eu as an activating 
agent and Dy and Nd as a co-activating agent for caus- 
ing light emission, there can be used an oxide, or a 
compound which is decomposed at higher temperature 
to become an oxide, such as a hydroxide, carbonate, 
nitrate, hallde and oxalate. 

[0061] Regarding the addition amount, for example, 
when the luminescent alumlnate-based phosphor Is a 
luminescent, alumlnate-based phosphor prepared by 
adding Eu as an activating agent and Dy as a co-actlvat- 
Ing agent to a composite oxide substrate represented by 
the general formula x1 SrO • z1 AI2O3, it Is preferable that 
the addition amount of Eu Is In the range of 0.01x1 to 
0.1x1, and the addition amount of Dy is In the range of 
0.02x1 to 0.2x1. 

[0062] For example, when the luminescent alumi- 
nate-based phosphor Is a compound prepared by add- 
ing Eu as an activating agent and further adding Nd as 
a co-activating agent to a composite oxide substrate 
represented by the general formula x2CaO • Z2AI2O3, 
It Is preferable that the addition amount of Eu Is In the 
range of 0.01x2 to 0.1 x2, and the addition amount of Nd 
Is in the range of 0.02x2 to 0.2x2. 
[0063] At least one of the metal elements La, Ce, 
Pr, Sm, Gd, Tb, Ho, Er, Tm, Yb, Lu, Mn, Sn and Bi can 
be added as a co-activating agent to a composite oxide 
substrate represented by the general formula xMO • 
ZAI2O3, In an amount of O.OOIx to O.lx. 
[0064] As the mixing method of these raw materi- 
als, any method can be used, and there are exemplified 
mixings using a ball mill, V shaped mixer or stirring 
apparatus. Further, for example, a phosphor raw mate- 
rial in which dispersion of constituent cations Is 
extremely excellent can be prepared by using a method 
In which a slurry obtained by mixing aluminum hydrox- 
ide with an organic acid using an organic solvent Is 
mixed with an aqueous solution of at least one cation 
selected from Eu, Dy, Nd, Sr, Ca, Pb, Zn and BI. 
[0065] As the method for calcining a precursor of a 
luminescent alumlnate-based phosphor, the same 
methods as described above are listed. 
[0066] The luminescent alumlnate-based phosphor 
obtained in the present invention contains particles hav- 
ing a primary particle size of 5 \im or less In an amount 
of 80 wt% or more, the primary particle size being 
smaller than that of a luminescent aluminate-based 
phosphor obtained by a usual method. As described 
above, by making the primary particle size of a phos- 
phor smaller and making the particle distribution 
sharper, it becomes possible to disperse a phosphor 
efficiently In making paste, and to produce a resin com- 
position having high emission brilliance. 
[0067] More specifically, when the aluminum 
hydroxide of the present Invention is used, it can be 
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expected that dispersed condition of constituent ions 
otherthan aluminum becomes more excellent, the crys- 
talllnity of the aluminate-based phosphor becomes 
excellent, and afterglow property Is enhanced, as com- 

5 pared with the case using other aluminum compound. 
Further, when the aluminum hydroxide of the present 
Invention is used, flocculated condition of the luminous 
material primary particles becomes weaker as com- 
pared with the case using other aluminum compound, 

10 and the following processes such as crushing can be 
simplified. 

[0068] The luminescent, alumlnate-based phos- 
phor obtained in the present invention has excellent 
afterglow property and Is extremely useful as a lumi- 

15 nous material since dispersion of constituent ions in the 
phosphor is extremely excellent. 
[0069] According to the present Invention, a lumi- 
nescent aluminate-based phosphor In which dispersion 
of constituent Ions Is extremely excellent can be pro- 

20 duced easily, and a luminescent alumlnate-based phos- 
phor manifesting excellent light emitting efficiency and 
longer life can be provided at low cost. This luminescent 
aluminate-based phosphor Is extremely useful in the 
Industrial field. 

25 

Example 

[0070] The following examples will Illustrate the 
present invention further In detail below, but do not limit 
30 the scope of the present invention. 

Example 1 

[0071] 4.91 g of aluminum hydroxide (BET specific 
35 surface area: 250 m^/g), 1 .26 g barium carbonate, 0.12 
g of europium oxide and 0.69 g of basic magnesium car- 
bonate were mixed sufficiently in a ball mill, and the 
resulted precursor was calcinated for2 hours at 1450°C 
In a weak reductive atmosphere to obtain a blue phos- 
40 phor Evaluation by a scanning electric microscope 
revealed that the primary particle size of the resulted 
blue phosphor was 1 urn or less. Further, XRD evalua- 
tion (phase identification evaluation by minute X-ray dif- 
fraction apparatus: Ru-200 manufactured by Rigaku) 
45 revealed BaMgAlioOiyiEu single phase. 

Example 2 

[0072] 8.47 g of aluminum hydroxide (BET specific 
so surface area: 250 rr^/g) obtained by a hydrolysis reac- 
tion of aluminum isopropoxide was dissolved in 100 g of 
isopropanol, and to this was added 210 g of isopropanol 
into which 1 0 g of oxalic acid had been dissolved while 
stirring, to prepare Slurry A. 
55 [0073] 2.69 g of barium chloride dihydrate, 0.45 g of 
europium chloride hexahydrate and 2.49 g of magne- 
sium chloride hexahydrate were dissolved in 20 g of 
purified water to prepare a mixed aqueous solution of a 
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barium ion, europium ion and magnesium ion. 
[0074] The mixed aqueous solution was added to 
stirred Slurry A to cause precipitation of barium, euro- 
pium and magnesium in the form of oxalates around 
aluminum hydroxide, and solid-liquid separation was 
conducted by evaporation to prepare a precursor. 
[0075] The resulted precursor was calcinated for 2 
hours at 1450°C in a weak reductive atmosphere to 
obtain a blue phosphor. Evaluation by a scanning elec- 
tric microscope revealed that the primary particle size of 
the resulted blue phosphor was 1 |xm or less. Further, 
XRD evaluation (the same as above) revealed 
BaMgAligOi/iEu single phase. 
[0076] This blue phosphor was irradiated with an 
ultraviolet ray using an Excimer 146 nm lamp (manufac- 
tured by Ushio Inc.) in a vacuum cfiamber of 6.7 Pa 
(5x1 0'^ Torr) or less to show blue strong emission which 
was measured by a brilliance meter {BM-7, manufac- 
tured by TOPCON) to find a light emission brilliance of 
25.05 cd/m^, being stronger than that of a conventional 
article. Also when this phosphor was excited by an ultra- 
violet ray, cathode ray or X-ray of 254 nm or 365 nm, 
blue light emission of high brilliance was shown. 

Example 3 

[0077] A blue phosphor was obtained in the same 
manner as in Example 1 except that 8.47 g of aluminum 
hydroxide was replaced by 6.2 g of alumina. Evaluation 
by a scanning electric microscope revealed that the pri- 
mary particle sizes of the resulted blue phosphors were 
all 0.05 yim or more and 1 |.im or less. 
[0078] This blue phosphor was irradiated with an 
ultraviolet ray using an Excimer 146 nm lamp (manufac- 
tured by Ushio Inc.) in a vacuum chamber of 6.7 Pa 
(5x1 0'^ Torr) or less to show blue strong emission which 
was measured by a brilliance meter {BM-7, manufac- 
tured by TOPCON) to find a light emission brilliance of 
28.09 cd/m^, being stronger than that of a conventional 
article. Also when this phosphor was excited by an ultra- 
violet ray, cathode ray or X-ray of 254 nm or 365 nm, 
blue light emission of high brilliance was shown. Fur- 
ther, the X ray diffraction was measured in the same 
manner as in Example 1, and it was found that the 
resulted phosphor had BaMgAlioOi7:Eu single phase. 

Example 4 

[0079] 6.71 g of aluminum hydroxide (BET specific 
surface area: 250 m^/g) obtained by a hydrolysis reac- 
tion of aluminum isopropoxide, 13.73 g of strontium car- 
bonate, 0.35 g of europium oxide and 0.90 g of 
dysprosium oxide were mixed sufficiently in a ball mill, 
and the mixture was calcinated for 3 hours at 1 300°C in 
a weak reductive atmosphere to obtain (Sr 0.93, Eu 
0.02, Dy 0.05)0 • AlgOg. The resulted (Sr 0.93, Eu 
0.02, Dy 0.05)0 • AI2O3 revealed high afterglow bril- 
liance of yellow green color. 



Example 5 

[0080] 6.71 g of aluminum hydroxide (BET specific 
surface area: 250 m^/g) obtained by a hydrolysis reac- 
5 tion of aluminum isopropoxide was dissolved in 1 00 g of 
isopropanol, and to this was added 21 0 g of isopropanol 
into which 1 0 g of oxalic acid had been dissolved while 
stirring, to prepare Slurry A. 

[0081] Then, strontium chloride hexahydrate, euro- 
10 plum chloride hexahydrate and dysprosium chloride 
were dissolved In 20 g of purified water in respective 
given amounts to prepare a mixed aqueous solution of 
a strontium ion, europium ion and dysprosium ion. 
[0082] Subsequently, the mixed aqueous solution 
15 was added to stirred Slurry A to cause precipitation of 
strontium, europium and dysprosium in the form of 
oxalates around aluminum hydroxide, and solid-liquid 
separation was conducted by evaporation to prepare a 
precursor of a luminescent phosphor 
20 [0083] The resulted precursor was calcinated for 3 
hours at 1300°C in a weak reductive atmosphere to 
obtain (Sr 0.93, Eu 0.02, Dy 0.05)0 • AI2O3. The 
resulted (SrO.93, Eu 0.02, Dy 0.05)0 • AI2O3 revealed 
high afterglow brilliance of yellow green color. 

25 

Claims 

1. A method for producing an aluminate-based phos- 
phor comprising calcining an aluminum compound 

30 having a BET specific surface area of 1 00 m^/g or 
more. 

2. A method for producing an aluminate-based phos- 
phor comprising the steps of; 

35 

mixing an aluminum compound with an organic 
acid using an organic solvent to obtain a slurry, 
mixing the slurry with an aqueous solution of at 
least one cation selected from Ba, Mg, Eu, Mn, 
40 Sr, Ga, Tb, Ce and Zn to obtain aluminum 

hydroxide, 

precipitating the cation in the form of an organic 
acid salt around the aluminum hydroxide to 
obtain a precursor, 

45 separating and drying the precursor, and 

calcining the precursor at a temperature of 
from 1 000°C or more to 1 700°C or less. 



3. A method for producing a luminescent aiuminate- 
50 based phosphor comprising calcining an aluminum 

compound having a BET specific surface area of 
100 m^/g or more. 

4. A method for producing a luminescent aiuminate- 
55 based phosphor comprising the steps of; 

mixing an aluminum compound with an organic 
acid using an organic solvent to obtain a slurry, 
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mixing the slurry with an aqueous solution of at 
least one cation selected from Eu, Dy, Nd, Sr, 
Ca, Pb, Zn and Bi to obtain aluminum hydrox- 
ide, 

precipitating the cation in the fonn of an organic 5 
acid salt around the aluminum hydroxide to 
obtain a precursor, 

separating and drying the precursor, and 
calcining the precursor at a temperature of 
from 1 000°C or more to 1 TOCC or less. ro 

5. A method according to Claim 2 or 4, wherein the 
aluminum compound is a compound having a BET 
specific surface area of 1 00 m^/g or more. 

15 

6. The method according to any one of Claims 1 to 5, 
wherein the aluminum compound is aluminum 

hydroxide or aluminum oxide. 

7. The method according to any one of Clainns 1 to 6, 20 
wherein the aluminum compound is aluminum 
hydroxide. 

8. The method according to any one of Claims 1 to 7, 
wherein the aluminum compound is aluminum 25 
hydroxide obtained by hydrolysis of an aluminum 
alkoxide. 

9. The method according to any one of Claims 1 to 8, 
wherein the aluminum compound is aluminum 30 
hydroxide which is heated to provide a-alumina 
having a purity of 99.9 wt% or more. 

10. The method according to any one of Claims 2 or 4 

to 9, wherein the organic acid is at least one 35 
selected from oxalic acid, acetic acid and tartaric 
acid. 

11. The method according to Claim 1 or 2, wherein the 
aluminate-based phosphor is a compound pre- 40 

pared by adding an activating agent which is at 
least one metal element selected from the group 
consisting of Eu and Mn to a composite oxide sub- 
strate represented by the general formula xlMIO • 
yIMgO • ZIAI2O3, Ml Is at least one metal ele- 45 
ment selected from Ba, Sr and Ca, x1 is 0.5 to 4.5, 
y1 is 0 to 4, and z1 is 0.5 to 20. 

12. The method according to Claim 1 or 2, wherein the 
aluminate-based phosphor is a compound pre- so 
pared by adding an activating agent which is at 
least one metal element selected from Tb and Mn 

to a composite oxide substrate represented by the 
general formula x2CeOi 5 • y2M20 • Z2AI2O3, M2 
is at least one metal element selected from Mg and 55 
Mn, x2 is 0.9 to 1 .1 , y2 is 0.9 to 1 .1 , and z2 is 5.5. 

13. An aluminate-based phosphor comprising particles 



having a primary particle size of 5 nm or less in an 
amount of 80 wt% or more, obtainable by the 
method according to Claim 1 or 2. 

14. The method according to Claim 3 or 4, wherein the 
luminescent aluminate-based phosphor is a com- 
pound prepared by adding Eu as an activating 
agent and further adding at least one metal element 
selected from Dy and Nd as a co-activating agent to 
a composite oxide substrate represented by the 
general formula xMO • ZAI2O3, M is Sr or Ca, x is 
0.5 to 1.1, and z is 1. 

15. The method according to Claim 14, wherein the 
luminescent aluminate-based phosphor is a com- 
pound prepared by further adding at least one 
metal element selected from Pb, Zn and Bi to a 
composite oxide substrate represented by the gen- 
eral formula xMO ■ ZAI2O3. 

16. A luminescent aluminate-based phosphor compris- 
ing particles having a primary particle size of 5 \im 
or less in an amount of 80 wt% or more, obtainable 
by the production method according to Claim 3 or 4. 
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